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Abstract
The contradiction between evidence for and against the existence of the Θ+ pentaquark might be resolved if it only appears
as a result of a particular production mechanism which is present in some experiments and absent in others. We examine the
implications of Θ+ production via decay of a cryptoexotic N∗ resonance with a mass of about 2.4 GeV corresponding to a
peak in the experimental data for the invariant mass of the (Θ+,K−) system. Further experimental checks are suggested.
 2004 Elsevier B.V. Open access under CC BY license.The recent experimental discovery [1] and subse-
quent confirmation [2–14] of an exotic 5-quark KN
resonance Θ+ with S = +1, a mass of ∼ 1540 MeV,
a very small width  20 MeV (possibly as little as
1–2 MeV [15]), and a presumed quark configuration
uudds¯ has given rise to a number of experiments
with contrary results. Some experiments see the Θ+
[1–14], others definitely do not [16–20] and give up-
per limits on its production.
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Open access under CC BY license.This contradiction is expected to become even
sharper as the experiments which see the Θ+ have
better statistics and rule out the explanation that it is
a statistical fluctuation. At this point it seems crucial
to analyze and extend both the positive and negative
experiments to either establish the Θ+ as a real parti-
cle and understand this contradiction or to find good
credible reasons against its existence.
Many detailed theoretical pentaquark models have
been proposed, but none address the problem of why
certain experiments see it and others do not. We there-
fore do not consider them here and refer the reader
to the comprehensive review by Jennings and Malt-
man [21].
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gest one possible explanation and suggest experimen-
tal checks.
One possible resolution of this contradiction is that
a specific production mechanism is present in the ex-
periments that see the Θ+ and is absent in those that
do not see it. The data presented in the CLAS paper on
the reaction γp → π+K−K+n [6], and in particular
the (K+K−n) mass distribution in Fig. 5 which shows
a peak at the mass of 2.4 GeV suggest [22] that there
might be a cryptoexotic N∗ resonance with hidden
strangeness. Searches for such baryon resonances with
hidden strangeness [23] have indicated possible candi-
dates. Further evidence for this resonance is hinted at
in the preliminary results from NA49 [24].
A cryptoexotic N∗(2400) with hidden strangeness
has a mass too high to be the N∗ in the same SU(3)
multiplet as the Θ+. It fits naturally into the P -wave
(ud) diquark-uds¯ triquark model [25,26] for the Θ+,
as an orbital excitation of the udds¯s N∗ in the same
10. It contains a (ds) diquark in the same flavor SU(3)
multiplet as the (ud) diquark in the Θ+. Such a (ds)
diquark in a D-wave with the uds¯ triquark would have
a dominant decay into K−Θ+ via the diquark transi-
tion ds → ud+K−. Decays into a kaon and a hyperon
would be suppressed by the centrifugal barrier forbid-
ding a quark in the triquark from joining the diquark.
We wish to point out some experimental implica-
tions of this possibility and suggest ways of using ex-
perimental data to check whether this can indeed solve
the puzzle of the contradiction between positive and
negative evidence for the Θ+.
(1) All experiments which see the Θ+ and have
sufficient energy for producing the N∗(2400) should
look for an accompanying K− or Ks and examine the
mass spectrum of the K−Θ+ and KsΘ+ systems.1
(2) There are many rumors and conference pre-
sentations [19,20] about experiments that searched for
pentaquarks and did not find them. These experiments
1 In some photoproduction experiments, e.g., SPRING-8 and the
lower-energy CLAS-I, the photon energy is too low for this. We
thank Danny Ashery for pointing this out. Excitation at such lower
energies may be possible at the lower energy tail of a Breit–Wigner
resonance 200 MeV wide or using Fermi momentum in experiments
on nuclear targets; e.g., γ 12C at SPRING-8, where ECM(γN) =
2.3 GeV.should not be left in the rumor/slides stage but put on
the record with a careful analysis showing whether
they should have been seen with given specific pro-
duction mechanisms.
All experiments which did not see the Θ+ should
check whether their experiment would produce a
K−Θ+ or KsΘ+ resonance in the 2.4 GeV region
and whether their analysis would emphasize this re-
gion in their search for the Θ+. For example, the B-
decay modes that have been suggested for pentaquark
searches [27,28] would not produce this 2.4 GeV N∗.
Similar considerations should be applied to searches
in e+e− and γ γ like those proposed in Ref. [29].
(3) The angular distribution of the kaon emitted
with the Θ+ in the photoproduction reaction γp →
K¯oΘ+ for which preliminary data have recently been
presented by CLAS [30] carries interesting informa-
tion. If it is produced from a cryptoexotic N∗, there
should be no forward–backward asymmetry in the
kaon angular distribution. If it is peaked forward, this
is meson exchange. It it is peaked backward, it is
baryon exchange (see related discussion in Ref. [31]).
In this case the same baryon exchange should be seen
in γ n → K−Θ+. The Θ+ should be produced equally
by photons on protons and neutrons.
(4) The angular distributions in the photoproduc-
tion reaction γp → π+K−K+n [6] are more compli-
cated, but may still carry interesting information. We
consider two possible production mechanisms for the
additional pion.
If the π+K− system comes from a K¯∗ resonance,
all the above discussion for the photoproduction re-
action γp → K¯oΘ+ applies to the angular distrib-
ution of the K¯∗. Models like Ref. [31] which ex-
plain the narrow width of the Θ+ by a suppressed
NKΘ+ coupling relative to NK∗Θ+ can be tested
here via their prediction that Θ+ production with a
backward K∗ should be stronger than the production
with a backward kaon. Unfortunately measurement of
forward–backward asymmetry is complicated by the
presence of a strong forward-peaked background due
to t-channel exchange that is most simply treated by
cutting out all forward-peaked events including the
signal.
If the reaction goes via the cryptoexotic N∗ and is de-
scribed by the diagram 3a of Ref. [6], the pion goes
forward and everything else is in the target fragmen-
tation region. The latter possibility is strengthened by
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the mass range 2.3–2.43 GeV [22].
(5) The production of Θ+ by baryon exchange
is related to reactions between normal nonexotic
hadrons that can go by exchange of an exotic positive-
strangeness baryon. The baryon exchange diagram
proposed in [30] for Θ+ photoproduction with an out-
going kaon is simply related to the backward K−p
charge-exchange diagram shown in Fig. 1 of [31]. The
lower KNΘ+ vertices are the same; the upper ver-
tex is also KNΘ+ for K−p charge-exchange but is
γΘ+Θ+ for Θ+ photoproduction.
If this diagram contributes appreciably to Θ+ pho-
toproduction, it indicates that the contribution of
the KNΘ+ vertex is appreciable and should also
contribute appreciably to backward K−p charge-
exchange. There may even be some backward K−p
charge-exchange data available previously ignored,
because everyone knew that there were no positive
strangeness baryons to produce this baryon exchange.
(6) The Θ+ is a baryon containing a strange anti-
quark. In the low-energy photoproduction experiments
these constituents are already present in the initial
state, the baryon in the target and the strange anti-
quark in the strange component of the photon, which
is known. In other experiments where baryon num-
ber and strangeness must be created from gluons,
the cost of baryon anti-baryon and strangeness–anti-
strangeness production by gluons must be used to
normalize the production cross section in comparison
with the photoproduction cross sections. This can be
done experimentally by measuring the baryon–anti-
baryon production and strange pair production in the
same experiment that does not see the Θ+.
One can also tune this kind of estimates by comparing
the rate of anti-deuteron and anti-proton production in
a given experiment. Such an analysis has been carried
out by H1 [32], yielding anti-deuteron/anti-proton ra-
tio d¯/p¯ = 5.0 ± 1.0 ± 0.5 × 10−4.
On the other hand, although LEP experiments produce
roughly one proton per Z0 decay [33] and have ac-
cumulated millions of Z0 decays on tape, very little
is known about anti-deuteron production at LEP. The
one theoretical prediction we are aware of is Ref. [34],
which uses the Lund string fragmentation model to
predict 5×10−5 deuterons per Z0 decay. The only rel-
evant experimental publication we are aware of is from
OPAL [35], which reports exactly one anti-deuteroncandidate event which was eventually dismissed be-
cause it did not pass through the primary vertex. From
this OPAL infers at 90% confidence level an upper
limit on anti-deuteron production of 0.8 × 10−5 anti-
deuterons per Z0 in the momentum range 0.35 < p <
1.1 GeV.
A recent estimate [36] based on this data concludes
that d¯/p¯ < 1.6 × 10−4 which is significantly less than
the ratio reported by H1 [32].2 The reason for this
presumed difference is unknown at present. It would
be very valuable to have more information on anti-
deuterons from the LEP experiments.
(7) ZEUS has observed both Θ+ and its anti-
particle, Θ¯− [12]. It is important for ZEUS to provide
information about the relative number of anti-Θs and
the number of anti-protons. This would give the prob-
ability of creating a Θ+ when the baryon is already
present. This probability has to be folded into any ex-
periment (e.g., at LEP) which does not have an initial
baryon, does not see the Θ+, and wants to interpret
their upper limit as significant evidence against it. We
note in passing that a statement from H1 regarding the
Θ+ is expected in near future.
(8) The cryptoexotic N∗ would be expected to
have other decay modes. In the diquark–triquark
model the dominant other decay mode is the SU(3)
partner of the K−Θ+ decay giving a pion and a P-
wave nonstrange pentaquark with hidden strangeness.
Decays into a strange meson carrying the strange anti-
quark and a normal baryon; e.g., KΛ, KΣ , KΣ∗,
φN , are suppressed by the centrifugal barrier in the
D-wave diquark–triquark model but may be apprecia-
ble in other models. Searching for these other decay
modes would give further evidence for this cryptoex-
otic resonance and this model for pentaquark produc-
tion. The relative branching ratios would also provide
information about the structure of this N∗. The N∗
is an isospin doublet and both charge states N∗+ and
N∗o should be observed.
(9) The cryptoexotic N∗ with hidden strangeness
could have a partner N ∗¯cc with hidden charm, obtained
by replacing the ss¯ pair by a cc¯ pair. This would then
be observable as a DΘc or D∗Θc resonance seen as a
DD¯N , D∗D¯∗N , D∗D¯N or D¯∗DN narrow resonance
2 We thank T. Sloan for discussion of this point.
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In any model with orbital excitation the higher mass of
the cc¯ pair will reduce the kinetic energy. A quantita-
tive estimate of this reduction is highly model depen-
dent.
If the Θ+ is a positive parity pentaquark, as sug-
gested, e.g., in correlated quark models [21,25,26,37],
there must be a P -wave orbital excitation that leads
to two states having J = 1/2 and J = 3/2 with a
small spin–orbit splitting [38] of the order of 50 MeV.
Both states would be expected to be produced roughly
equally in the KΘ+ decay of a higher N∗ resonance
with the same orbital partial wave, except for the case
where the N∗ has JP = (1/2)−. The more compli-
cated angular distributions from the production and
decay of the J = 3/2 state can provide additional in-
formation.
The discussion of possible J = 3/2 partners is es-
pecially relevant in view of a recent preliminary report
from CLAS [30] indicating a possible existence of two
peaks in the K+n invariant mass—at 1523 ± 5 and
1573 ± 5 MeV, with estimated statistical significance
of 4σ and 6σ , respectively. It is very important that
other experiments check this observation.
The preceding discussion focused on the Θ+, but
some of the above comments apply also to the searches
for the Ξ−−, Θc , Θ+b and other pentaquarks.
If the Θ+ is confirmed, the likelihood that other
members of the anti-decuplet exists is quite high [25,
26,37,39,43] and possibly there are additional exotic
multiplets whose properties can be inferred from those
of the Θ+, see, e.g., [40–42].
So far, one published experiment reported ob-
serving the Ξ−−, i.e., the ddssu¯ pentaquark [44] at
1.862 ± 0.002 GeV and width below the detector res-
olution of about 18 MeV, as well as a candidate at the
same mass for the Ξo3/2 member of the correspond-
ing I = 3/2 isomultiplet, with quark content ussq¯q ,
where q = u,d . A critical discussion of the NA49 re-
sults appears in Ref. [45]. There are conference talks
from WA89 [46], CDF [47] and ZEUS [48], reporting
null search results, but again no papers.
3 We thank Uri Karshon for discussion on the interplay of N ∗¯cc
mass estimate vs. the relevant thresholds.The mass of the Ξ−− as reported by NA49 [44]
seems rather high compared with the theoretical ex-
pectations [25,26,37] based on the Θ+ mass. More-
over, recently we derived an upper bound on the mass
difference between the Ξ−− and Θ+ [49]. This bound
is more than 20 MeV below the experimentally re-
ported Ξ−− − Θ+ mass difference.
The existence of Θ+ would also make it very likely
that its anti-charmed and anti-bottom relatives Θc and
Θ+b exist. Theoretical predictions based on the pre-
sumed quark structure of the Θ+ place the Θc mass
between 3 GeV [50] and 2.7 GeV [37] and the Θ+b
mass between 6.40 GeV [50] and 6.05 GeV [37],
where the lower values are below threshold for strong
decays.
Recently the H1 Collaboration reported evidence
for a narrow anti-charmed baryon state, a resonance
in D∗−p and D∗+p¯ with a mass of 3099 ±3 ±5 MeV
and a measured Gaussian width of 12 ± 3 MeV [51].
A parallel analysis by ZEUS sees no signal [52].
ALEPH has also reported a null result at a conference
[19] and FOCUS announced null search results on a
Web page [53]. Again, we can only stress again the
importance of having these results written up.
Note added
After this work appeared in the arXiv, Ref. [54]
pointed out additional tentative evidence for N∗ with
hidden strangeness and a mass around 2400 MeV [23].
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